Here we report the construction of an alternative episomal vector, pBGP3, which allows the expression of heterologous proteins with N-terminal hexahistidine and myc-epitope tags in Pichia pastoris. To test the usefulness of pBGP3, four cellulases from termites were expressed. Production was confirmed by activity assays and Western blot using anti-c-Myc antibody. Purification was performed by single-step Ni 2þ -affinity chromatography, which confirmed the efficiency of pBGP3.
With the advance of recombinant DNA technology, several ways to express proteins in non-natural producers have been developed. After selection of the most compatible host, the next step is to identify the best way to purify the protein. Purification of proteins usually requires laborious work. Very often more than one chromatography step is needed, and setting the best conditions for each steps is time-consuming and can lead to low yields and increased costs. With these issues in mind, recombinant proteins are usually expressed as fusions with additional sequences added at the N-or Cterminal ends that allow one-step purification by affinity chromatography.
Hexahistidine tag is usually used due to the high affinity of polyhistidines to immobilized metal ion matrices, i.e., Ni 2þ , Zn 2þ , or Co 2þ .
1) It is difficult, however, to predict which of the N-and C-terminal added tags is compatible with the correct folding, detection, and purification of the protein expressed. Hence having several options for vectors is helpful in determining the best way to express and purify proteins.
We have chosen Pichia pastoris, reviewed elsewhere, 2, 3) as a host to express two -glucosidases, G1NkBG 4) (GenBank assession no. AB073638) and G1mgNtBG1 (AB073638, manuscript in preparation), as well as two endoglucanases, RsEG and NtEG (AB008778 and AB013272 respectively), 5) from termites. We based this study on episomal expression plasmid pBGP1, 6) which combines several useful characteristics. First, it has a strong constitutive GAP promoter. Secondly, the prepro -factor sequence makes possible secretion of recombinant proteins into the extracellular medium, which facilitates the collection of proteins and purification procedures. Thirdly, the presence of PARS1 (P. pastoris autonomous replicating sequence) allows maintenance of the plasmid without chromosomal integration into the yeast. Although pBGP1 contains C-terminal tags, we constructed an alternative vector that contained N-terminal hexahistidine and myc-epitope tags, named pBGP3. Briefly, a sequence encoding myc-epitope and six consecutive histidines (6 Â His) of pBGP1 was amplified by PCR using Pyrobest DNA polymerase (Takara, Japan) and a set of forward (5 0 -CAATTGGAACAAAAACTCATC-TCAGAAGAGGATCG-3 0 ) and reverse (5 0 -GAATTC-ATGATGATGATGATGATGGTCGACGG-3 0 ) primers containing Mun I and EcoR I restriction sites respectively (underlined) at the 5 0 -ends. The amplified DNA fragment was phosphorylated and inserted into the EcoR V site of pBluescript II SK(þ). This plasmid, pBS-BGP2, was digested with Mun I and EcoR I and inserted into the EcoR I site of pBGP1, generating pBGP2. Since only the use of N-terminal tags was intended, the presence of C-terminal tags in pBGP2 was undesired and useless. To remove the repetitive C-terminal tag sequence from pBGP2, a pair of back-toback, oppositely directed primers (5 0 -GTTTTAGCCTT-AGACATGACTGTTCCTCA-3 0 and 5 0 -TTCTAGAAA-GCTGGCGGCCG-3 0 ) was used to amplify the entire sequence of pBGP2, except for the region coding for the redundant C-terminal tags. The resulting linear DNA fragment was self-ligated, giving rise to pBGP3 ( Fig. 1A and B) . The DNA sequences of all the plasmids were checked.
To test the effectiveness of pBGP3, the putative mature region of each of the various cellulases was amplified by PCR with the Mun I site added at the 5 0 -ends of the forward and reverse primers. After subcloning, these fragments were isolated by digestion with Mun I and ligated to EcoR I-digested, dephosphorylated pBGP3, resulting in the generation of pBGP3-NkBG, pBGP3-mgNtBG1, pBGP3-RsEG, and pBGP3-NtEG.
Transformation of P. pastoris KM71 strain (his4 aox1::ARG4) was done by electroporation following the standard protocol. 7) After transformation, the cells were grown in YPDS þ Z plates (1% yeast extract, 2% peptone, 2% glucose, and 1 M sorbitol) containing 1.5% agar and zeocin (100 mg/mL) for 3 or 4 d at 30
C. For pre-incubation, a single colony was inoculated in 10 mL of YPD þ Zeocin liquid medium and grown for 1 or 2 d at 30
C at 150 rpm. About 200 mL of the culture y To whom correspondence should be addressed. Tel: +81-3-5841-8230; Fax: +81-3-5841-8033; E-mail: arioka@mail.ecc.u-tokyo.ac.jp
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Note supernatant was transferred into 100 mL of YPD þ Zeocin, and this was incubated for 5 d. After incubation, the culture was centrifuged at 3,000 rpm to collect the supernatant. In all the other DNA manipulations, Escherichia coli DH5 strain was used. It was grown in LB medium (1% bacto tryptone, 0.5% yeast extract, and 0.5% NaCl) containing 1.5% agar and 50 mg/mL of ampicillin.
To check the production of proteins, enzyme activity assays were performed using aliquots of the culture supernatants. A -glucosidase activity assay was performed using 10 mM p-nitrophenyl--D-glucopyranoside (pNPG; Sigma, St. Louis, MO) as substrate by a method described previously, 4) and endoglucanase activity was measured using 0.5% w/v carboxymethyl cellulose (CMC; Sigma) as substrate. 5) In both cases, one unit (U) was defined as the amount of enzyme that releases 1 mmol of product per min under appropriate conditions.
The culture supernatants were concentrated by ammonium sulfate precipitation at 65% saturation and dialyzed against binding buffer (see below). Purification of the 6 Â His-tagged proteins was performed by Ni 2þ -NTA affinity chromatography, following to the instructions given by the manufacturer (Qiagen, Hilden). Briefly, the column was equilibrated with binding buffer (50 mM NaH 2 PO 4 , 300 mM NaCl, and 10 mM imidazole, pH 8.0) and the dialyzed enzyme solutions were loaded into the column. The column was washed with a buffer containing 20 mM imidazole, and the bound protein was eluted with a buffer containing 250 mM imidazole. The fractions (1 mL each) were used in enzyme activity assays and SDS-PAGE analysis (10% acrylamide), followed by visualization by Coomassie Brilliant Blue (CBB) staining and/or by Western blot using anti-c-Myc (1:1,000 dilution, Clontech) and anti--glucosidase (1:2,000 dilution) 4) antibodies. The mature region of G1mgNtBG1 without the stop codon was expressed in vector pBGP1 in our first attempt to express this protein with the C-terminal tags. Although production of G1mgNtBG1 was confirmed by enzyme activity assay (data not shown), purification by Ni 2þ -NTA affinity chromatography was unsuccessful, because the enzyme was detected in the flow-through fraction (FT), as observed by Western blot using anti--glucosidase antibody ( Fig. 2A, upper panel) , together with contaminant proteins. A band of slightly higher molecular weight appeared faintly in the same FT fraction when the membrane was re-probed with anti-cMyc antibody ( Fig. 2A, arrow in lower panel) , suggesting that the some protein was expressed with the Cterminal tags even though the tags were removed from the most of the protein.
In this study, not only G1mgNtBG1, but three other cellulases, G1NkBG, RsEG, and NtEG, were successfully expressed in P. pastoris using pBGP3, as observed in the enzyme activity assay (Fig. 2B) . Although some activities for -glucosidase and endoglucanase were observed in the control supernatant of P. pastoris cells harboring the empty vector, the most of the activity was detected in the transformant strains. Western blot analysis clearly showed that the proteins were produced with the N-terminal myc-epitope (Fig. 2C) .
Purification by Ni 2þ -NTA affinity chromatography was done for each protein. Contaminant proteins were removed by washing the column with a buffer containing a low concentration (20 mM) of imidazole, and tagged proteins were eluted by a buffer containing 250 mM imidazole. CBB-stained gels showed the presence of a single molecular species in the eluted fraction E1 (Fig. 3) . Western blot analyses of the same fractions using anti-c-Myc antibody showed the presence of immunoreactive bands in E1 (Fig. 3I) , indicating that purification was successful (compare with Fig. 2A) . The presence of doublet bands (G1NkBG and RsEG, shown by asterisks) and a smear band (G1mgNtBG1) might have been due to glycosylation. 4, 5) The recoveries of G1NkBG, RsEG, and NtEG after affinity chromatography were of 88, 82, and 76% respectively, much higher than those observed when these same enzymes were purified by several chromatography steps (18, 25.5, 24.4% respectively). 4, 5) High recovery is one of the advantages in using a system that promotes one-step purification. Purification was 3.5, 5.6, and 3 for G1NkBG, RsEG, and NtEG respectively. A, Plasmid map. Several restriction enzyme sites (EcoR I, Pml I, Sfi I, Asp718, Kpn I, Xho I, Sac II, Not I, Xba I) at the multiple cloning site (MSC) allow expression of heterologous proteins under the control of the strong constitutive GAP promoter and with N-terminal tags (myc-epitope and hexahistidine tags). The prepro -factor sequence directs secretion into the extracellular medium, and the presence of PARS1 (the P. pastoris autonomous replicating sequence) allows maintenance of the plasmid without chromosomal integration. B, Part of the nucleotide sequence of pBGP3. Nterminal tags were inserted just before the MCS. The dot indicates the position where the linear DNA fragment was self-ligated to generate pBGP3.
These values were lower than those reached using other systems, 4, 5) presumably because P. pastoris secretes lower amounts of native protein into the medium. Using vector pBGP2, the same cellulases were successfully expressed and purified by Ni 2þ -NTA affinity chromatography (data not shown).
As described above, the newly constructed vector pBGP3 (Fig. 1) preserved useful features of pBGP1 . Besides, the addition of tags at the N-terminus of the expressed proteins might be a good option, since tags added at the C-terminus of -glucosidases were not effective in detecting (by anti-c-Myc antibody) and purifying (by Ni 2þ -NTA column) them ( Fig. 2A) , even though -glucosidase activity was detected in the culture supernatant. Optimal placement of the tag is proteinspecific and both should be tested. 8) Hence, shifting the tags to the N-terminal end is an alternative way to express and purify proteins.
In conclusion, using the new vector, all four proteins were successfully expressed in their active forms and purified by a one-step purification procedure within 2 weeks. Due to its high efficiency and quickness, pBGP3 is recommended for expression and purification of several proteins, saving time and labor. A, The mature region of G1mgNtBG1 without stop codon was expressed in vector pBGP1. Fractions (CS, culture supernatant; AS, ammonium sulfate precipitate; ULT, ultrafiltration; FT, flow through; W1, wash 1; E1, elution 1; E2, elution 2) after purification by affinity chromatography were analyzed by Western blot using anti--glucosidase (upper panel) and anti-c-Myc (lower panel) antibodies. Enzyme activity assays (B) and Western blot analysis using anti-c-Myc antibody (C) indicated the successful expression of all four cellulases in pBGP3. P. pastoris transformed with the empty vector pBGP3 was used as control in all experiments. Fractions (CS, culture supernatant; AS, ammonium sulfate precipitate; FT, flow through; W1, wash 1; W2, wash 2; E1, elution 1; E2, elution 2) after purification by Ni 2þ -NTA column of G1NkBG, G1mgNtBG1, RsEG, and NtEG were analyzed by SDS-PAGE and stained with CBB or immunoblotted with anti-c-Myc antibody (I, immunoblotting). The presence of a single band in fraction E1 indicates that purification of the various proteins was successful. Ã Additional bands with the purified protein, suggesting post-translational modifications such as glycosylation. PM, protein marker.
